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Device for monitoring the fuel pressure in the fuel 
feed circuit of a fuel injection internal combustion 

engine 

5 

The present invention relates to a device for 
monitoring the fuel pressure in the fuel feed circuit 
of a fuel injection internal combustion engine. 

10 In the known devices as described, for example, in 
patents US-6,032,639 and US- 6 , 138 , 638 , the fuel 
pressure in the fuel feed circuit of injection internal 
combustion engines is generally measured by a pressure 
sensor. The value of this pressure is converted into 

15 an electrical signal which is used by a computer that 
manages the engine operating control units. 

Such pressure sensors are always present in direct 
injection engines. In such direct injection engines, 
20 in case of failure of the pressure sensor, it detects a 
pressure that is either lower or higher than the real 
pressure, which can cause improper operation of the 
engine, or breakdown thereof. 

25 In certain indirect injection internal combustion 
engines, no fuel pressure sensor is provided, so that 
the engine operation is controlled without taking 
account of fuel pressure variations. 

30 It is the object of the present invention to provide a 
device for monitoring the fuel pressure in the fuel 
feed system of an internal combustion engine, which can 
remedy any failure of the fuel pressure sensor when 
such a sensor is present, or substitute for such a 

35 sensor to ensure the optimal operation of the internal 
combustion engine . 
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For this purpose, the subject of the invention is a 
device for monitoring the fuel pressure in the fuel 
5 feed circuit of a fuel injection internal combustion 
engine, which comprises at least one cylinder and one 
exhaust line for the combustion gases, said device 
comprising 

- means for generating a value for measuring the 
10 fuel/air ratio of the exhaust gases in said exhaust 

line, 

- means for generating a value for measuring the 
fresh air flow rate into said cylinder, 

- means determining the mechanical opening time 
15 of the injector of said cylinder, and 

computation means for determining a 

reconstituted fuel pressure value from said value for 
measuring the fuel/air ratio of the exhaust gases, from 
said value for measuring the fresh air flow rate and 

20 from said mechanical opening time of the injector. 

A further object of the invention is a method for 
monitoring the fuel pressure in the fuel feed circuit 
of a fuel injection internal combustion engine, which 
comprises at least one cylinder and one exhaust line 

25 for the combustion gases, comprising the following 
steps : 

- generation of a value for measuring the 
fuel/air ratio of the exhaust gases in said exhaust 
line, 

30 - generation of a value for measuring the fresh 

air flow rate into said cylinder, 

- determination of the mechanical opening time of 

said injector, and 

- determination of a reconstituted fuel pressure 
35 value from said value for measuring the fuel/air ratio 

of the exhaust gases, from said value for measuring the 
fresh air flow rate and from said mechanical opening 
time of said injector. 
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The method according to the invention may further 
comprise one or more of the following steps: 

5 - determination of the value of the mass of fuel 

injected from said value for measuring the 
fuel/air ratio of the exhaust gases and from 
said value for measuring the fresh air flow 
rate, determination of the value of the static 

10 flow rate of the injector as a function of said 

value of the mass of fuel injected and of said 
mechanical opening time of the injector, and 
determination of said reconstituted pressure 
value from said static flow rate of the injector 

15 and from the value of the pressure near the 

injector nozzle; 

- determination of said mechanical opening time of 
the injector from the electrical control time dl 
of the injector, from the time interval 

20 d2 necessary for the mechanical opening of 

the injector, and from the time interval d3 
necessary for the mechanical closing of the 
injector, according to the equation d = dl - d2 
+ d3; 

25 - generation of a value for measuring the fuel 

pressure in said fuel feed circuit and making of 
a diagnosis of the operating status of said 
pressure sensor from the result of the 
comparison between said value for measuring the 

30 fuel pressure taken by said sensor and said 

reconstituted fuel pressure value; 

- detection of the drifts of the reconstituted 
fuel pressure value and/or of the value for 
measuring the fuel pressure and making of a 

35 diagnosis of the status of said fuel feed 

circuit from said drifts. 
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Other features and advantages of the invention will 
further appear throughout the description below. 

In the appended drawings, provided as nonlimiting 
5 exemplary embodiments : 

- Figure 1 is a simplified diagram of the device 
according to the invention in the case of a direct 
injection fuel feed system comprising a pressure 
10 sensor; 

Figure 2 is a simplified diagram of the device 
according to the invention in the case of an indirect 
injection fuel feed system, without a pressure sensor; 

Figure 3 is a representation of the variation 
15 in the quantity of fuel delivered by the injector as a 
function of the electrical control time of the 
injector, for illustrating the mode for computing 
certain parameters used in the invention; and 

Figure 4 is a representation as a function of 
20 time of the electrical control signal of the injector 
and of the position of the injector needle, for 
illustrating the mode for computing certain parameters 
used in the invention. 

25 Figures 1 and 2 show a device for monitoring the fuel 
feed circuit of an engine, in which, for the sake of 
simplification, a single cylinder 2 is shown with its 
associated injector 4. In a known manner, such a 
monitoring device comprises a computer 1 which 

30 determines the optimal operating parameters of the 
internal combustion engine from data measured by 
various sensors . 

The computer 1 comprises means 10 for controlling the 
35 injectors which determine the control parameters of 
each injector 4, particularly the electrical control 
time of the injector, which is the control time of the 
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electrical actuating member, for example, the coil, of 
each injector. 

In Figures 1 and 2, the numeral 5 denotes the air 
5 intake line in the combustion chamber of the cylinder 2 
and numeral 6 denotes the exhaust line for the 
combustion gases. Numeral 7 denotes the fuel feed 
circuit which feeds the cylinder 2 via the injector 4. 

10 In the case of Figure 1, the fuel is injected directly 
into the combustion chamber by the injector 4. In the 
case of Figure 2, injection is indirect and the fuel is 
injected into the intake manifold 5. 

15 According to the invention, the device for monitoring 
the fuel pressure in the fuel feed circuit of the 
internal combustion engine comprises means 8 for 
measuring the fuel/air ratio of the exhaust gases and 
means 9 for measuring the fresh air flow rate into the 

20 cylinder 2. 

The means 8 for measuring the fuel/air ratio of the 
exhaust gases are, for example, provided in the form of 
an oxygen probe, delivering a signal (an analog 
25 voltage) that is a function of the oxygen content, a 
content from which the fuel/air ratio of the exhaust 
gases can be determined. 

The means 9 for measuring the fresh air flow rate into 
the cylinder 2, are provided, for example, in the form 
30 of a mass air flowmeter or in the form of a pressure 
sensor delivering a measurement of the air pressure 
from which the air flow rate can be calculated taking 
account of the engine speed. 

35 The monitoring device further comprises computation 
means 12 for calculating the real fuel pressure from 
the measurements taken by said means 8 and 9, and from 
the mechanical opening time of the injector. In fact, 
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as described in greater detail below, a fuel pressure 
value in the fuel feed circuit is calculated from the 
value for measuring the fuel/air ratio of the exhaust 
gases, from the value for measuring the fresh air flow 
5 rate into the cylinder, and from the mechanical opening 
time of the injector. 

The computation means 12 thus comprise: 

- means for determining the value of the mass of 
10 fuel injected from the value for measuring the 

fuel/air ratio of the exhaust gases and from the 
value for measuring the fresh air flow rate into 
the cylinder, 

- means for determining the value of the static 
15 flow rate of the injector as a function of the 

value of the mass of fuel injected and of the 
mechanical opening time of the injector, 

- means for determining the reconstituted pressure 
value from said static flow rate of the injector 

20 and from the value of the pressure near the 

injector nozzle. 

The mathematical equations linking these various 
parameters and which are used for implementing the 
25 invention are, for example, equations (1), (2), (3) and 
(4) given below: 
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Mc = Ri 



Ma 



(1) 



14 .7 

where Mc is the mass of fuel injected (in mg/stroke) , 
Ri is the measurement of the fuel/air ratio in the 
exhaust gases, and Ma is the fresh air flow rate into 
the cylinder (in mg/stroke), 14.7 being the Ma/Mc ratio 
for a stoichiometric mixture (Ri = 1) ; 
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15 



Mc 

QS = T 



(2) 



where Qs is the static flow rate of the injector (in 
g/s), d is the mechanical opening time of the injection 
(in ms) and Mc is the mass of fuel injected (in 
mg/stroke) ; 



Qs f 
QsO V 



P c - Pa 
APO 



(3) 



20 



25 



or even; 
Pc = 



f— T 

I QsO J 



x APO + Pa 



(4) 



where Pc is the reconstituted pressure value (in bar), 
Qs is the static flow rate of the injector (in g/s), 
and Pa is the value of the pressure near the injector 
nozzle (in bar), QsO being the nominal static flow rate 
of the injector (in g/s) for a nominal value APO of the 
difference between the fuel pressure and the pressure 
near the injector nozzle (in bar) . 



The value Pa of the pressure near the injector nozzle 
30 may, for example, be determined by measurement using a 
sensor, which may be the same as the one used to 
determine the air flow rate into the engine. 



CI of the 



Figure 3 shows the curve of variation 
35 quantity of fuel Mc (in mg/stroke) delivered by the 
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injector as a function of the electrical control time 
dl (in ms), for a constant value of the difference 
between the fuel pressure and the air pressure near the 
injector nozzle. This curve of variation CI is 

essentially a line of which the slope Qs represents the 
static flow rate of the injector (in g/s) . However, 
for low values of dl, the curve has a nonlinear part A, 
not shown. The prolongation of the linear part 

intersects the x axis at a point that has the value 
dl-d, where d is the mechanical opening time of the 
injector shutter. The slope Qs is thereby determined 
from d and from Mc by the equation (2) given above. 

When the injector is actuated, many parameters 
determine the mechanical opening time d of the 
injector. This mechanical opening time of the injector 
is the time during which the injector shutter (for 
example injector needle) is in the maximum or virtually 
maximum open position (the needle is at the mechanical 
stop) . Figure 4 shows the computing mode for this value 
d. Figure 4 comprises a first curve C2 representing 
the variation in time of the electrical control signal 
of the injector and a second curve C3 representing the 
variation in time of the position of the injector 
needle . 

The mechanical opening time d of the injector depends 
on the following parameters: 

- the electrical control time dl of the injector, 
that is, when the electrically actuating member 
of the injector is a coil, the time interval 
elapses between time tl of energization of the 
injector coil and time t2 of deenergization of 
the injector coil, 

- the time interval d2 necessary for the 
mechanical opening of the injector, that is, 
when the mechanical shutter of the injector is a 



needle and the electrically actuating member of 
the injector is a coil, 

the time interval between time tl of energizing 
the injector coil and time t3 in which the 
needle is effectively open; this time interval 
depends on the speed of opening of the injector 
shutter and a dead time existing between time tl 
and the actual start of mechanical opening of 
the shutter; 

- the time interval d3 necessary for mechanical 
closing of the injector, that is, when the 
mechanical shutter of the injector is a needle 
and the electrically actuating member of the 
injector is a coil, the time interval between 
time t2 of deenergization of the injector coil 
and time t4 in which the needle is actually 
closed; this time interval depends on the speed 
of closure of the injector shutter and a dead 
time existing between time t2 and the actual 
start of mechanical closure of the shutter. 

Preferably, the mechanical opening time of the injector 
shutter is determined by computation means 12 from dl, 
d2, and d3 using the following formula: 

d = dl-d2+d3 = (t2-tl)-(t3-tl)+(t4-t2)= t4-t3, 

where dl is obtained by the computation means 12 from 
the control means 10 which have generated it, 

d2 and d3 are predefined fixed values or variable 
values as a function of certain parameters (the battery 
voltage, for example, measurable by the computer) and 
are read or reconstituted from values stored in a table 
or a memory associated with the computation means 12. 

The device shown in Figure 1 further comprises a sensor 
11 for measuring the fuel pressure in the fuel feed 
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circuit 7 and means, for example forming part of 
the computer 1, for comparing the pressure measurement 
taken by the sensor 11 with the reconstituted pressure 
value determined by the computation means 12 . 

5 

In this embodiment with sensor 11, the result of the 
comparison is used by diagnosis means 3 to make a 
diagnosis of the operating status (proper operation or 
failure) of said pressure sensor 11. By contrast with 
10 the direct injection device shown in Figure 1, the 
indirect injection device shown in Figure 2 comprises 
neither pressure sensor nor diagnosis means of the 
pressure sensor. 

15 According to a particular embodiment, the computer 1 
further comprises means 13 for initiating a fallback 
operating mode, when the calculated value of the fuel 
pressure is higher, respectively lower, than a 
maximum, respectively minimum predefined threshold 

20 value. These threshold values are predefined, for 
example, from the operating safety requirements. 

According to a particular embodiment, the device 
according to the invention comprises regulating means 
25 14 for adjusting the pressure from said reconstituted 
pressure value. The regulation in this embodiment 
takes place in an open loop. The regulating means are 
preferably made in this case in the form of an 
electrical controller. In such an embodiment, 

30 according to an advantageous feature, the reconstituted 
pressure value is determined only in predefined engine 
operating zones in order to guarantee the reliability 
of the pressure data thus obtained. These zones are 
virtually stabilized operating zones for which the 

35 variations in engine speed and intake air pressure are 
slow. This embodiment can apply, for example, in case 
of absence of a pressure sensor 11 or in case of 
malfunction thereof. In the latter case, the diagnosis 
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means 3 of the sensor, the means 13 for initiating a 
fallback operating mode, can effectively cooperate with 
the regulating means 14. 

5 According to a particular embodiment, the device 
according to the invention comprises means for 
detecting (for example by the computation means 12) 
rapid drifts of the reconstituted fuel pressure value 
and/or of the value of the fuel pressure measurement 
10 delivered by the sensor 11 and comprises means 15 for 
making a diagnosis of the status of the fuel feed 
circuit 7 from said drifts. A problem of connection or 
blocked piping can thereby be detected. 



